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INTRODUCTION 


The  modular  setback  pin  (MSP)  was  designed  to  operate  in  both  the  timer  and 
trigger  of  the  M577  mechanical  time  fuze.  The  device  senses  all  standard  gun 
firing  environments  and  differentiates  between  them  and  handling  shocks, 
including  drops  of  40  feet  and  higher.  Further,  the  unit  locks  in  the  func¬ 
tioned  position  (down)  after  the  setback  pulse  ceases.  This  prohibits  the  set¬ 
back  pin  from  interfering  with  the  operation  of  the  spin  detent.  Three  parts 
make  up  the  module  as  shown  in  fig.  1:  two  state-of-the-art  zinc  die  castings 
and  a  coil  spring.  Due  to  the  setback  module's  extremely  small  size,  it  may  be 
applied  to  a  variety  of  other  artillery  fuzes,  taking  advantage  of  its  unique 
operating  features.  The  complete  drawings  are  shown  in  Appendix  A.  Also 
included  In  Appendix  A  are  additional  drawing  changes  required  to  accommodate 
the  MSP.  Parts  required  to  be  modified  include  the  timer  spin  detent,  all  timer 
plates  and  the  trigger  spacer. 

The  primary  functional  feature  of  the  setback  pin  is  the  Z-shaped  groove  in 
its  side.  The  groove  continues  circumferentially  around  to  the  far  side  of  the 
pin,  then  extends  straight  down  to  the  bottom  of  the  pin.  There  is  a  slot  in 
the  top  of  the  pin  to  allow  a  screwdriver-type  tool  to  rotate  the  pin.  This  pin 
is  hollow  to  allow  the  spring  to  ride  inside  it. 

The  main  functional  feature  of  the  housing  is  the  diamond-shaped  cam  on  its 
inside  surface.  Extending  upward  from  the  bottom  of  the  housing  is  a  spring 
support  pin  which  acts  as  a  guide  to  keep  the  spring  from  buckling.  There  is  a 
section  of  the  mounting  flange  removed  in  order  to  allow  the  module  to  be 
mounted  as  close  to  the  outside  of  the  M577  timer  as  possible.  There  are  also 
two  flats  on  opposite  sides  of  the  flange  to  enable  the  module  to  be  constrained 
from  rotating  by  a  mating  geometry  in  the  plates  in  which  the  setback  module  is 
mounted.  This  is  shown  in  figure  2. 

The  module  is  assembled  by  placing  one  end  of  the  spring  in  the  setback  pin 
and  the  other  end  over  the  spring  support  pin  of  the  housing.  The  vertical  sec¬ 
tion  of  the  pin  groove  Is  then  positioned  over  the  housing  cam  and  the  pin  is 
slid  into  the  housing  fully.  After  this  operation  the  pin  is  rotated  one-half 
turn,  this  engages  the  cam  with  the  zig-zag  section  of  the  groove  as  is  shown  in 
fig.  3.  The  pin  can  then  be  compressed.  As  the  pin  is  compressed,  it 
oscillates  rotationally. 

A  computer-aided  study  to  determine  the  time  required  for  the  MSP  to  func¬ 
tion  under  various  setback  loads  is  described  in  this  report.  A  modified  ver¬ 
sion  of  this  program  determined  the  relative  importance  of  nine  design  features 
as  they  relate  to  drop  height.  Limited  physical  testing  was  also  conducted.  A 
study  and  conceptual  layout  of  automated  assembly  and  testing  equipment  for  the 
MSP  are  also  described. 
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OPERATION 


The  unique  operating  feature  of  the  modular  setback  pin  is  the  rotational 

oscillation  it  exhibits  while  being  compressed.  Because  of  this,  the  MSP  fun¬ 

ctions  as  a  crude  runaway  escapement,  integrating  setback  and  time.  As  the 
setback  pin  is  compressed,  the  housing  cam  encounters  sharp  changes  in  the 
direction  of  the  pin  groove  (see  fig.  3).  Each  time  the  pin  groove  changes 
direction,  the  pin  which,  of  course,  is  turning  in  the  same  direction  as  the 
groove,  must  stop  momentarily  before  turning  in  the  new  direction.  The  pin  must 
then  be  re -accelerated  to  continue  its  travel  down  the  groove.  This  is  analo¬ 
gous  to  the  motion  of  the  balance  (sometimes  called  the  lever)  in  a  runaway 
escapement.  Because  the  pin  does  actually  stop,  the  kinetic  energy  it  has  when 
it  reaches  the  end  of  a  leg  of  the  track  is  expended  upon  impact  of  the  corner. 
Therefore,  energy  must  be  resupplied  to  continue  motion.  This  energy  is 
supplied  by  the  setback  force.  Should  the  setback  force  not  be  present,  the 
pin,  instead  of  continuing  to  compress,  will  be  returned  by  its  spring  to  the 

safe  position.  Herein  lies  the  key  to  the  pin's  ability  to  differentiate  bet¬ 

ween  the  setback  forces  of  gun-firing  and  the  forces  from  handling  shocks. 
Handling  shocks  have  too  short  a  duration  to  re-accelerate  the  pin  at  the 
beginning  of  the  second  and  third  legs  of  the  Z-groove.  A  standard  setback  pin 
would  compress  regardless  of  the  duration,  as  long  as  the  setback  force  was 
great  enough.  Whereas,  the  MSP  must  "sense"  a  combination  of  setback  and  dura¬ 
tion  in  order  for  it  to  arm. 

An  additional  feature  of  the  modular  setback  pin  is  its  ability  to  lock  down 
in  the  functioned  position.  When  the  setback  pin  is  completely  compressed,  it  is 
designed  to  come  to  rest  directly  under  a  notch  in  the  housing  which  will  catch 
the  pin  after  cessation  of  setback  (see  fig.  4).  The  MSP  will  then  remain  in 
the  down  position  unless  the  pin  is  manually  twisted  in  the  counter-clockwise 
direction.  This  lockdown  feature  allows  the  setback  pin  to  be  effectively 
separated  from  the  spin  detent,  once  it  has  seen  the  required  setback  pulse. 

Such  a  feature  would  also  be  useful  during  assembly  since  many  of  the  testing 
and  assembly  operations  require  that  the  setback  pin  be  temporarily  compressed. 
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COMPUTER  SIMULATION 


The  equations  of  motion  for  the  setback  pin  have  been  developed  by  D.  L. 
Overman  of  Harry  Oiamond  Laboratories  and  are  shown  in  Appendix  3.  Due  to  the 
complexity  of  the  setback  pin  motion,  certain  simplifying  assumptions  were 
necessary  to  reduce  the  equations  of  motion  to  a  workable  ’evel.  These  assump¬ 
tions  are  as  follows: 

o  Collisions  at  the  end  of  each  stage  are  completely  ’nelastic. 

o  The  spring  is  linear. 

o  No  friction  occurs  due  to  side  loads. 

o  The  setback  pulse  is  rectangular. 

The  assumption  of  a  rectangular  setback  pulse  provides  a  conservative  esti¬ 
mate  of  the  maximum  safe  drop  height.  Also,  the  maximum  safe  drop  height  is 
calculated  assuming  an  ideal  impact  surface.  Under  all  other  conditions,  the 
MSP  would  require  a  higher  drop  height  in  order  to  arm. 

Using  these  equations  of  motion,  a  computer  program  was  written  (Appendix 
C).  An  evaluation  of  the  parameters  used  in  the  program  is  shown  in  Appendix  D. 
The  quantity  computed  by  the  projram  is  the  minimum  velocity  change  required  to 
cause  the  setback  pin  to  function.  The  computation  is  iterated  for  a  variety  of 
values  of  acceleration,  generating  a  curve  of  minimum  velocity  change  versus 
acceleration.  A  typical  curve  is  shown  In  fig.  5.  This  process  is  then  further 
iterated  for  a  variety  of  friction  coefficients,  since  it  is  not  possible  to  make 
an  accurate  determination  for  the  value  of  the  friction  coefficient  in  this 
case.  Each  curve  defines  the  boundary  between  a  function  and  a  non-function 
zone.  For  values  of  velocity  change  and  acceleration  above  the  curve,  the  pin 
will  function;  and  for  values  below  the  curve,  it  will  not.  Upon  examination 
of  the  curve  shown  in  fig.  5,  it  can  be  seen  there  is  a  minimum  value  of  velo¬ 
city  change.  For  the  "no  friction"  curve  in  fig.  5,  the  minimum  velocity  change 
is  approximately  equal  to  43.9  ft/sec.  An  increase  in  the  setback  level  does 
not  reduce  the  velocity  change  required  to  cause  the  pin  to  function.  This  is 
due  to  the  fact  that  the  setback  duration  must  also  satisfy  the  MSP  before  it 
will  function.  From  this  minimum  velocity  change  a  drop  height  can  be  calcu¬ 
lated  [Drop  Height  =  ( V2~Vi)2/2g] .  The  drop  height  for  this  no  friction  curve 
is  about  30  ft.  This  is  the  minimum  height  that  the  MSP  can  be  dropped  from  in 
order  to  cause  it  to  arm.  Below  this  minimum  drop  height  there  is  no  possible 
impact  surface  condition  that  can  cause  a  combination  of  acceleration  and  dura¬ 
tion  great  enough  to  force  the  unit  to  function.  This  is  the  maximum  safe  drop 
height. 

This  computer  program  is  used  to  estimate  the  required  time  for  the  MSP  to 
function  at  various  setback  loads,  thus  simulating  different  weapon  systems. 

Once  the  design  characteristics  of  the  MSP  (i.e.,  spring  strength,  helix  angle, 
etc.)  have  been  established,  the  only  other  factor  which  affects  the  time  of 
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setback  durati  -?  required  for  the  pin  to  function,  Is  the  magnitude  of  the  set¬ 
back  force.  Hence,  In  order  to  determine  the  time  required  for  the  MSP  to  func 
tlon  In  a  particular  gun,  it  Is  only  necessary  to  know  the  setback  associated 
with  that  gun  for  a  particular  charge.  A  list  of  setback  versus  duration  is 
shown  in  Appendix  E.  The  design  characteristics  used  in  this  program  are  taken 
from  units  used  in  the  final  ballistic  test  conducted  in  May  1983. 

In  actual  use,  the  setback  duration  required  to  function  will  vary  from  1.3 
milliseconds  with  a  4.2"  mortar  In  Zone  0  to  .3  milliseconds  in  a  105mm  Howitzer 
Zone  7. 

A  modified  version  of  this  program  Is  also  used  to  provide  a  comparison  of 
the  relative  Importance  of  nine  design  features  as  they  relate  to  the  maximum 
safe  drop  height  (see  Appendix  F).  This  information  can  be  very  useful  in 
determining  more  exactly  what  tolerances  are  acceptable.  This  may  be  important 
because  the  current  need  to  chemically  etch  each  part  lends  itself  to  large 
dimensional  variations  between  lots. 


AUTOMATED  ASSEMBLY 


Since  the  MSP  Is  a  self-contained  entity  capable  of  being  assembled  and 
tested  outside  the  fuze.  It  Is  a  natural  candidate  for  automation.  The 
following  Is  a  conceptual  study  of  automated  assembly  and  testing  equipment. 

The  automated  assembly  portion  of  this  study  was  conducted  in  cooperation  with 
Mikron  Haesler  Limited. 

For  the  purpose  of  assembling  the  MSP,  Mikron  Haesler  has  proposed  using  a 
modified  Polyfactor  machine,  type  90-1-18.  The  machine  is  a  fully  automatic 
rotary  transfer  assembly  machine  comprised  of  18  stations,  and  all  feeding, 
transfer  and  inspection  devices,  including  laboratory  feed  bowls  and  a 
memory /control  system.  In  addition  to  normal  main  machine  control,  this 
memory/control  system  will  be  used  in  conjunction  with  inspection  devices 
located  around  the  machine.  The  Inspection  devices  are  utilized  to  verify  the 
"condition"  of  the  piece  parts  as  they  are  introduced  to  the  machine  fixtures. 
Conditions  such  as  presence  and  position  would  be  "sensed."  The  information 
obtained  by  the  individual  inspection  devices  is  relayed  and  accumulated  by  the 
memory/control  system  which,  subsequently,  instructs  the  succeeding  work,  and 
transfer  units,  to  suspend  or  continue  operations  relative  to  the  component 
piece  part  condition.  The  memory  section  also  instructs  the  ejection  stations 
to  separate  "good"  units  from  "faulty"  or  Incomplete  units.  This  ability  could 
be  utilized  to  detect  broken  housing  spring  supports  at  Station  12  (see 
Operation  Sequence).  This  is  the  biggest  part  defect  we  have  seen  thus  far. 

All  of  the  component  piece  parts  contained  in  the  assembly,  with  the  excep¬ 
tion  of  the  spring,  are  proposed  to  be  vibratory  bowl  fed.  The  spring  will  be 
produced  by  an  automatic  spring  winder  at  the  assembly  machine.  These  springs 
will  be  100X  tested  immediately  after  assembly  and  the  reject  rate  can  be 
recorded  by  the  memory/control.  If  the  reject  rate  becomes  too  high,  the 
memory/controller  can  be  programmed  to  stop  operations  and  wait  for  adjustments. 

The  following  is  the  operation  sequence  for  the  assembly  of  the  MSP  sub¬ 
mitted  to  HTI  by  Mikron  Haesler.  The  machine  is  designed  to  run  at  a  four- 
second  cycle  rate,  but  this  time  can  be  reduced  if  need  be.  The  price  for  this 
Polyfactor  assembly  machine,  including  a  "Modicon"  brand  memory /control  system 
and  a  factory  trial  run,  was  quoted  at  approximately  $247,000.* 

Sequence  of  Operation: 

Station  Operation  Equipment 

1  Feed  and  transfer  "setback  pin"  nest  (1)  Bowl  Feeder 

2  Inspect  presence  and  position  "setback  pin" 

3  Invert  "setback  pin"  if  required 

4  Orient  "setback  pin" 


5  Transfer  "setback  pin"  to  nest  (2) 


Station  Operation  equipment 

6  Inspect  presence  and  position  "setback  pin" 

7  Vacant 

8  Feed  and  transfer  "spring"  nest  (2)  Spring  Winder 

9  Inspect  presence  and  position  "spring" 

10  Feed  and  transfer  "housing  "  nest  (3)  Bowl  Feeder 

11  Orient  "housing" 

12  Inspect  presence  and  position  "housing" 

13  Transfer  "housing"  and  rotate  to  lock-in 

position 

14  Inspect  presence,  position  and  movement  of 
"housing" 

15  Vacant 

16  Eject  and  separate  good/bad  assemblies 

17  Eject  partial  assemblies 

18  Inspect  empty  nests 

After  the  assembly  operations  have  been  completed,  the  units  would  automati¬ 
cally  be  loaded  onto  a  testing  machine.  HTI  has  envisioned  the  testing  machine 
to  be  compromised  of  six  (6)  10"  spin  tables  all  mounted  on  a  44"  diameter 
rotary  table  (see  fig.  6).  The  cycle  rate  for  the  testing  fixture  would  be 
geared  to  the  rate  of  the  assembly  machine.  By  doing  this,  the  machine  could 
take  advantage  of  the  setback  pin  positioning  already  done  by  the  assembly 
machine.  Each  of  the  six  spin  tables  would  hold  ten  setback  pins  and  would  be 
controlled  by  identical  stepper  motors  mounted  underneath  the  large  table.  A 
controller  at  each  of  the  six  divisions  of  the  large  index  table  determines  the 
action  of  the  individual  internal  spin  tables;  that  is,  as  the  large  table 
indexes,  the  controller's  electrical  contacts  for  each  of  the  six  fixed 
positions  is  engaged  for  the  individual  motor  at  that  position.  The  motor, 
which  first  "homes"  into  a  constant  nest  position,  then  makes  ten  consecutive 
steps  for  one  revolution,  or  spins  at  a  preset  speed  depending  on  the  controller 
setup. 

Setback  units  are  transferred  from  the  assembly  machine  to  the  testing 
machine  at  station  no.  1.  The  large  table  then  indexes  to  station  no.  2.  Set¬ 
back  units  that  arm  at  station  no.  2  (non-arm  spin)  are  photo-optically  detected 
for  lack  of  pin  projection  and  ejected  at  station  3.  Any  units  that  fail  to  arm 
at  station  4  are  photo-optically  detected  for  pin  projection  and  automatically 
ejected  at  station  5.  All  parts  off  of  station  number  6  are  good  and  the  spin 
table  is  emptied  in  preparation  for  reloading  at  station  number  1. 
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Inspections  for  presence  would  be  performed  after  each  loading  and  unloading 
operation.  The  location  of  these  devices  and  the  transfer  units  themselves 
would  be  on  a  stationary  surface  just  outside  the  large  index  tab1.6*  jt  1s 
HTI's  estimate  that  this  test  machine  can  be  designed,  built  and  installed  for 

approximately  $160,000.* 


*  1983  dollars 
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MANUFACTURABILITY 


To  manufacture  the  die  castings  for  the  modular  setback  pin,  state-of-the- 
art  die-making  techniques  were  involved.  A  special  tool  was  built  to  generate 
the  helical -radial  sides  of  the  Z-groove  and  cam.  This  was  used  to  make  a  10:1 
scale  model  of  the  complex  surfaces.  From  those  models,  the  dies  were  made  by  a 
reducing  pantograph. 

When  the  first  parts  were  made  from  these  dies  it  was  found  that  a  serious 
problem  existed  in  measuring  the  complex  surfaces.  A  number  of  methods  were 
considered  and  all  were  eliminated  as  being  unfeasible,  except  for  the 
toolmaker's  microscope.  Even  this  proved  inadequate,  since  its  repeatability  in 
this  application  was  greater  than  the  tolerance  on  the  dimensions  being 
measured. 

Ultimately,  the  criterion  for  acceptance  of  the  parts  was  their  ability  to 
Interact  properly.  As  cast,  the  parts  would  not  fit  together,  the  cam  being  too 
large  for  the  track  -  or  the  track  being  too  small  for  the  cam.  The  critical 
dimensions  were  then  adjusted  by  chemical  etching,  first  by  a  proprietary  pro¬ 
cess  by  the  manufacturer,  then  by  a  final  etching  of  the  housing  at  HTI.  This 
etch  schedule  Is  given  in  Appendix  G.  Because  the  etching  done  by  the  manufac¬ 
turer  was  not  tightly  controlled  by  the  manufacturer,  it  was  necessary  to  vary 
the  In-house  etch  time  on  a  lot-to-lot  basis. 

The  parts  used  in  the  final  testing  had  some  secondary  operations  used  in 
their  manufacture  for  reasons  of  efficiency.  Specifically,  these  were  cutting 
the  slot  in  the  housing  and  cutting  the  flats  on  the  housing's  mounting  flange. 
In  production,  these  features  will  be  cast.  It  was  simply  faster  to  machine 
them  than  to  change  the  dies  at  that  point.  The  same  argument  applies  to  the 
changes  to  the  timer  spin  detent,  which  is  also  a  zinc  die  casting. 


ENGINEERING  TEST  PROGRAM 


A  complete  modular  setback  pin  ballistic  test  summary  is  shown  in  Appendix 
H.  The  first  fuzes  with  modular  setback  pins  were  tested  in  May,  1980,  with  the 
results  shown  in  Table  1. 


Gun 

Zone 

Fuze 

settina 

Rounds 

fired 

Rounds 

functioned 

105  -mn 

7 

50  s 

5 

5 

8- in 

1 

15  s 

5 

2 

155-mm 

1 

PD 

5 

5 

TABLE  1 

The  success  in  the  low  zone  PD  test,  compared  to  the  high  dud  rate  in  the 
low  zone  alrburst  test,  suggested  that  the  problem  was  in  the  timer  setback  pin, 
and  not  the  setback  pin  in  the  trigger.  The  duds  were  recovered,  and  it  was 
found  that  the  timers  had  either  stopped  or  had  never  run.  The  reason  for  this 
was  not  apparent.  In  the  same  time  period,  five  fuzes  were  air  gun  tested  at 
approximately  30,000  g.  Of  the  ten  modules  Involved,  five  had  the  cams  sheared 
off  the  Inside  of  their  housings. 

Based  on  the  results,  two  new  tests  were  planned.  Twenty-four  fuzes  were 
built  for  an  8-in.,  zone  1,  vertical  recovery  test,  and  twelve  fuzes  were  built 
for  a  105 -mm  8,  recovery  vehicle  test.  These  were  fired  In  August  1980.  In  all 
of  the  high  zone  tests,  the  modules  functioned  properly.  The  modules  were  func¬ 
tional  afterwards,  indicating  the  cam  had  sufficient  strength  for  normal  gun 
firing.  In  the  low  zone  recovery  test,  four  fuzes  failed  to  function.  On 
examination.  It  was  found  that  the  timers  had  not  run.  While  the  reason  for 
this  was  not  apparent.  It  was  found  that  a  modification  made  to  the  spin  detent, 
to  allow  It  to  pass  over  the  setback  pin  module,  also  allowed  the  balance  wheel 
to  be  released  under  some  conditions.  Modifications  to  the  spin  detent  and 
housing,  as  shown  In  figure  7,  solved  this  problem.  The  lug  on  the  spin  detent, 
which  engages  the  blance  wheel  was  extended  downward,  and  the  housing  was 
notched  to  allow  the  extended  lug  to  pass  outward. 

Sixteen  fuzes  of  the  first  modification  design  were  built  and  fired  in  reco¬ 
very  vehicles  at  low  zone.  On  November  1980,  twelve  fuzes  were  recovered,  and 
two  of  these  had  failed  to  function.  It  was  found  that  in  the  fuzes,  which  had 
functioned  properly,  the  pins  were  retracted  and  locked  down.  In  the  failed 
units,  the  pins  were  fully  up.  While  no  reason  for  this  was  apparent,  it  was 
found  that  the  modules  were  free  to  rotate,  which  could  have  allowed  the  housing 
slot  to  move  out  of  line  with  the  path  of  the  spin  detent  lug.  To  solve  this 
problem,  the  shape  of  the  housing's  mounting  flange  was  altered  to  have  flats, 
as  shown  in  figure  8.  The  opening  In  plate  4  was  modified  to  have  a  matching 
shape.  It  was  speculated  that  another  possible  cause  of  the  failures  was  a 
marginal  strength  spring,  although  the  springs  tested  satisfactorily. 
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statically,  they  could  possibly  be  too  strong  In  a  dynamic  environment.  In 
further  analysis,  a  comparison  was  made  between  the  two  enclosures  in  which  the 
modules  are  placed  In  the  fuze,  since  all  failures  had  been  encountered  in 
timers,  and  none  in  triggers. 

It  was  determined,  the  greatest  difference  between  the  two  locations  was 
that  the  timer  no.  1  plate  forms  a  wall  outward  of  the  pin,  as  shown  in  figure 
8,  and  there  is  no  similar  feature  in  the  trigger  where  the  pin  stands  free. 

Two  groups  of  twenty  test  fuzes  each  were  built.  Both  groups  had  the  flats 
on  the  mounting  flange.  One  group  had  weaker  springs,  and  the  other  group  had 
material  removed  from  the  sidewall  of  plate  no.  1,  as  shown  in  figure  9. 

Eighteen  fuzes  from  each  group  were  fired  in  recovery  vehicles  at  low  zone  in 
March,  1981.  The  group  with  the  weaker  splmgs  had  a  high  failure  rate.  Those 
with  the  relief  cut  in  plate  no.  1  had  two  failures  of  the  timer  to  operate. 
However,  in  each  of  these  latter  failures,  the  pins  were  down  and  locked,  yet 
the  spin  detents  were  still  blocked. 

On  close  examination,  it  was  found  that  the  top  of  each  locked-down  pin  was 
slightly  above  the  housing,  rather  than  flush  with  it.  The  reason  for  this  is 
the  interaction  of  the  Z-groove  and  diamond  cam,  as  shown  in  figure  10.  While 
the  locked  position  was  designed  to  be  as  shown  in  the  upper  view,  which  puts 
the  top  of  the  pin  flush  with  the  top  of  the  housing,  the  configuration  shown  in 
the  lower  view  also  provides  effective  locking,  but  in  this  case  the  pin  is 
approximately  .015"  above  the  top  of  the  housing.  It  was  not  feasible  to  lower 
the  module,  nor  to  reduce  its  size  further.  Therefore,  it  was  decided  to  remove 
some  material  from  the  spin  detent,  allowing  it  to  pass  over  the  pin  in  either 
of  the  locked-down  configurations.  This  is  shown  in  fig.  11. 

Thirty  fuzes  were  built  using  the  configuration  described  above,  and 
including  all  previous  modifications.  These  were  fired  in  June  of  1981,  in  low 
zone  recovery  vehicles.  All  fuzes  were  recovered  and  all  were  found  to  have 
functioned  properly. 

Based  on  these  previous  results,  a  larger  test  program  with  200  units  was 
prepared.  The  test  started;  however,  due  to  a  large  number  of  duds,  it  had  to 
be  stopped  prematurely.  Thirty  recovery  rounds  were  fired  to  analyze  the 
problem.  Fifteen  were  fired  in  the  155-mm  zone  8,  cold,  and  set  for  75  seconds. 
Four  of  the  fuzes  failed  to  function  but,  when  the  setback  pins  were  examined, 
all  were  found  to  have  locked  down  in  the  timer  and  all  but  one  were  locked  down 
in  the  trigger.  The  other  fifteen  rounds  were  fired  in  the  155-mm  zone  1,  cold, 
and  set  for  thirty  seconds.  Only  eight  of  the  fifteen  rounds  functioned; 
however,  there  were  just  two  setback  pins  in  the  timer  that  were  not  locked 
down,  and  one  in  the  trigger.  So,  although  the  setback  pins  could  not  be  blamed 
for  the  entire  problem,  there  were  nevertheless  some  difficulties  with  the  set¬ 
back  pins.  All  of  the  work  accomplished  up  to  this  point  was  done  on  a  previous 
MSP  contract,  number  0AAK10-77-C-0152  (CPFF). 

On  this  latest  MSP  contract  (0AAK10-82-C-0132),  a  test  program  involving  121 
units  was  planned.  The  following  changes  were  performed  to  these  MSP  units: 
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FIGURE  I  | 

FOURTH  MODIFICATION 


All  units  tested  incorporated  a  lighter  spring  that  required  an  average  of 
256g's  to  compress  them.  Previously,  springs  required  about  600g's.  Although 
the  springs  were  lighter,  these  units  were  still  able  to  pass  a  40-foot  drop 
test. 

100%  Cycling 

After  a  light  etching,  all  units  were  cycled  at  least  70  times.  The  major 
problem  we  have  been  experiencing  with  these  MSP  units  is  that  the  cam  in  the 
housing  is  oversized.  Cycling  reduces  this  cam  size  without  reducing  the  size 
of  the  rest  of  the  unit  as  etching  does. 

100%  Centrifuge  Testing  with  a  400q  Function  Cut-off  Point 


All  units  that  required  more  than  400g's  to  function  were  rejected.  There 
was  no  definitive  cut-off  point  in  previous  tests. 

NO  Vydax 

The  units  tested  had  no  lubrication  at  all.  Since  Vydax  wears  away  with 
prolonged  friction,  it  would  serve  no  purpose  to  have  it  in  these  units  which 
were  to  be  cycled  70  times.  Also,  the  Vydax  could  possibly  get  gummy  in  the  cold 
test  and  do  more  harm  than  good. 

With  the  aforementioned  changes  made,  a  121  fuze  ballistic  test  was  per¬ 
formed.  This  latest  test  was  a  100%  success.  All  242  setback  pins  in  121  fuzes 
functioned  properly.  Even  the  8"  zone  %,  which  had  two  duds  in  the  control 
group,  functioned  perfectly.  The  control  group  may  have  experienced  a 
"cross-over"  problem.  This  Is  a  situation  in  which  the  setback  force  subsides 
before  the  spin  detents  have  a  chance  to  move  out.  The  setback  pin  would  then 
come  back  up  locking  out  the  spin  detent.  This  cannot  happen  with  the  MSP  since 
it  is  designed  to  lock  down  after  setback. 

There  were  three  duds  in  the  rough  handling  group;  however,  such  fuzes  are 
only  required  to  be  safe  to  handle  and  fire.  The  X-rays  of  these  rough  handling 
duds  did  show  the  modular  setback  pins  in  the  safe  position  after  rough  handling. 

The  most  significant  change  made  to  this  last  test  was  the  100%  cycling. 
Cycling  the  units  assured  that  they  were  capable  of  moving  freely.  This  would 
not  be  necessary  if  the  parts  were  made  to  drawing  tolerances.  The  complete 
success  of  this  latest  ballistic  test  proves  the  present  MSP  configuration  can  be 
both  relaible  and  safe. 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  modular  setback  pin  described  in  this  report  has  shown  the  potential  to 
improve  the  reliabilty  of  the  M577  fuze.  The  MSP  provides  excellent  performance 
in  all  drop  test  environments  and  functions  reliably  in  all  gun-firing  environ¬ 
ments.  Its  ability  to  lock  down  after  setback  can  eliminate  the  "crossover 
problem."  The  MSP  has  the  potential  to  be  less  exDensive  to  manufacture  than 
the  present  setback  pin  systems.  The  MSP  also  offers  ease  of  assembly  due  to 
its  self-contained  design;  the  fact  that  the  same  unit  can  be  used  in  both  the 
trigger  and  timer  and  because  of  its  ability  to  lock  down  during  testing.  Also, 
the  MSP  can  be  tested  outside  the  fuze  prior  to  assembly. 

Although  the  MSP  design  has  proven  feasible,  an  additional  engineering 
effort  will  be  required  before  it  is  ready  for  production.  This  is  due  to  the 
extreme  complexity  of  the  die-cast  housing  and  pin.  The  parts  presently  used 
do  not  fit  together  as  cast;  they  had  to  be  etched  in  order  to  reduce  the  size 
of  the  housing  cam.  Of  course,  this  also  reduced  the  dimensions  which  were  not 
oversized  causing  additional  problems.  Cycling,  as  was  done  in  the  last 
ballistic  test,  could  eliminate  this  problem  but  would  be  extremely  costly  for 
production  size  quantities.  Therefore,  to  correct  this  problem,  the  manufacture 
of  a  new  Housing  die  insert  will  be  necessary.  However,  care  must  be  taken  to 
avoid  the  problems  encountered  with  the  first  die. 

The  root  of  these  difficulties  is  our  inability  to  accurately  measure  these 
complex  surfaces.  We  were  therefore  forced  into  the  undesirable  position  of 
accepting  parts  based  on  their  ability  to  interact  properly.  Etching  had  to  be 
performed  on  a  trial  and  error  basis.  This  problem  of  accurate  measuring  must 
be  addressed  before  production  can  be  considered  practical. 

Therefore,  it  is  recommended  that  additional  engineering  work  be  performed 
to  reduce  these  problems  before  implementation.  Using  the  computer  study 
supplied  in  this  report,  it  may  be  possible  to  increase  some  non-critical 
tolerances  and  increase  the  Z-groove  width  to  ease  manufacturing  and  reduce  the 
need  for  etching.  One  possible  method  for  the  accurate  measurement  of  these  die 
cast  parts  is  to  section  sample  parts  in  such  a  manner  that  critical  dimensions 
could  be  measured  along  flat  surfaces.  This  method  would  not  be  useful  in 
measuring  one  particular  part,  but  rather  a  large  group  of  parts.  Die  casting 
generally  produces  parts  with  a  high  degree  of  consistency  so  once  the  dimen¬ 
sions  of  one  part  is  known  it  can  be  assumed  that  all  the  parts  will  be  very 
similar.  Reproducibility  is  exceptionally  exact  with  the  state-of-the-art  pro¬ 
cesses  used  by  Gries  Dynacast  to  make  the  MSP.  Other  difficulties  such  as  the 
cam  shearing  in  the  30,000g  air  gun  test  and  the  breaking  of  the  housing  spring 
supports  could  also  be  avoided.  This  may  be  accomplished  by  going  to  a  stronger 
material  such  as  Zamak  No.  5.  The  problems  caused  by  allowing  two  lock  down 
positions  could  be  eliminated  with  a  minor  die  change  that  would  force  the  cam 
into  its  original  lock  down  configuration  (see  figure  12).  Also,  the  need  for  a 
cutout  on  the  no.  1  plate  should  be  further  investigated. 

The  MSP  design  has  proven  to  be  beneficial  in  terms  of  reliability;  but,  due 
to  the  manufacturing  difficulties,  it  is  not  being  recommended  for  implemen¬ 
tation  at  this  time. 
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APPENDIX  B 
MODULAR  SETBACK  PIN 
EQUATIONS  OF  MOTION 


M577  Modular  Setback  Pin 

Minimum  Velocity  Change  for  Function  -  Computer  Program 
Equations  from  0.  L.  Overman  (Oct.  73) 


Un  =  ur 


«2  -  al 


L't- 

e—‘i  =  i 


1  +  u  tan  a 


tan  (tan  -  y) 


Variables 

S03  Comp.  Proc 


K 

radius  of  gyration 

inches 

R 

radius  of  interaction 

i nches 

helix  lead 

in/turn 

AL 

helix  lead  angle 

degrees 

MU 

coefficient  of  friction 

61 

spring  bias,  safe  position 

g's 

G2 

spring  bias,  armed  position 

g's 

length  of  i  th  leg 

inches 

XI 

length  of  first  leg 

inches 

X2 

length  of  second  leg 

inches 

X3 

length  of  third  leg 

i nches 

driving  acceleration 

g's 

Al 

driving  acceleration,  first  iteration 

g's 

AF 

driving  acceleration,  final  iteration 

g's 

I 

increment  of  iteration 

g's 
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APPENDIX  C 
MODULAR  SETBACK  PIN 
COMPUTER  SIMULATION  PROGRAM 
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APPENDIX  C  MODULAR  SETBACK  PIN  COMPUTER  SIMULATION 


10  OEF  FNACS(X)-ATN(SQR( C l-X~2)/X~2>) 

2Q  DEF  FNNCS ( X )-( PI /2-FNACS( X  ) ) *P I /2 
20  PI-3.141592654# 

40  READ  K,R,A4,GI  .02.XI  .X2.X3.MI .A5.A6.I 

50  DATA  .0474, .0575,51 . 1  4, 1  38 ,247, ..0327 , .0654, .032  7, .3 .300,2000,25 
60  INPUT"MU-“ IMI 
70  INPUT  "A I-" I A5 
80  INPUT  "AF-“ I A6 
90  INPUT  *  I -"I  I 

100  PRINT" - « 

110  PRINT"  K-";Kl*INCH"  . 

120  PRINT"  R="l Rl "I NCH" 

130  PRINT*  AL-“tA4|*DEG" 

140  PRINT"  MU-*lMI I "FRICTION* 

150  PRINT"  GI»"IGU*G'S" 

160  PRINT"  G2-"lC2l"G'S* 

170  PRINT"  XI«"IXI»"INCH" 

180  PRINT*  X2— “ I  X2l  “ INCH* 

190  PRINT*  X3-" I X3l“ I NCH* 

200  PRINT"  Al-*5A5l"G'S" 

210  PRINT"  AF*"«A6l"G'S* 

220  PRINT*  I-"t I l"G/S* 

230  PRINT" - * 

240  PR INT"SET8ACK  TIME  " 

250  PRINT"  (G'S)  (SEC)" 

260  A4-A4-2-P 1/360 
270  X-TaN( A4) 

280  IF  Ml >X  THEN  PRINT  *T(K)  MUCH  FRICTION* 

290  Kl— I  ♦  ( K/RJ'*2*(  ( 1 +M1  *XJ/(X*(X— Ml  )))  _  _  _ 

300  S9-XI ♦X2+X3 
310  B-(G2-GI)/S9 

320  S8-SQRC386  .088-KI/8)  _ _ __ _ ._  .  _ 

330  FI -I 
340  SI-0 

350  S2-XL  .  _ _ _  _  _ _ _ _  . 

360  S3-XI+X2 

370  FOR  Ar»A5  TO  A6  STEP  I 

380  F3-(G2-.5*B*X3)/A  ..  _  _ _ _ 

390  AI-I-F1*XI/(<A-GI )/B-SI ) 

400  A2-I-FI*X2/((A-GI J/B-S2) 

410  A3— l-F3*X3/UA-Gl  )/B-S3)  . . .  . .  . 

420  ZI-ABS(AI > 

430  Z2-ABSU2) 

440  Z3-A8S(A3)  -  ...  _  .....  _ 

450  IF  Zl»l  OR  Z2> I  OR  Z3> I  THEN  P 3- I « GOTO  630 
460  IF  A 1-0  THEN  BI-PI/2 

470  IF  A2-0  THEN  B2-PI  /2  _  .  _  _ 

480  IF  A 3—0  THEN  B3-PI/2 
490  IF  A I <0  THEN  BI-FNNCS(AI) 

500  IF  A2<Q  THEN  82-FNNCS(A2)  _ _  .  . 

510  IF  A3<0  THEN  B3-FNNCS(A3) 

520  IF  Al  >0  THEN  BI-FNACS(AI) 

530  IF  A2>0  THEN  B2-FNACSU2J _ _ _ _ 

540  IF  A3>0  THEN  B3-FNACS ( A3 ) 

550  Vt-A*S8*BI 

560  V2-A*S8*82  _  _ 

570  V3-A*S8*B3 
580  V—  < V I ♦V2+V3)/l 2 

590  IF  A-A5  THEN  V9-V  ...  _ 

600  IF  V<V9  THEN  V9-VtH-l 
610  IF  V»V9  AND  H-l  THEN  H-2 
620  T-V/( A*32. 1  74)  . 

630  IF  P3-I  THEN  PRINT  Al"  PIN  WILL  NOT  ARM  WITH  GIVEN  DATA" 

640  IF  P3-0  THEN  PRINT  A,V,T 
650  P3-0 
660  NEXT  A 

670  PRINT" - " 

680  09-.S*V9~2/32.l74 

690  IF  H-2  THEN  PRINT«MAX  SAFE  DROP  HEIGHT-" I D9 I "FT" 

700  IF  H<»2  THEN  PRINT" INSUFFICIENT  RANGE  TO  DETERMINE  MAX  SAFE  DROP  HEIGHT 
710  END 


APPENDIX  D 

EVALUATION  OF  COMPUTER 
SIMULATION  PARAMETERS 


T.  H.  Richards 


Appendix  d 

Evaluation  of  Parameters  used  in  Computer  Program 


Radius  of  gyration  is  defined  by: 

I  =  K2  M 
and 

I  =  /  r^  dm 
where 

I  3  moment  of  inertia 
K  =  radius  of  gyration 
M  =  mass  of  pin 
dm  =  element  of  mass 

r  =  distance  from  axis  to  element  of  mass 

The  moment  of  inertia  of  a  complex  body  can  be  computed  by  breaking  it 
into  smaller  bodies  and  adding  the  moments  of  inertia  of  its  components, 
thus: 

1=1^ 

The  pin  is  divided  into  the  following  component  bodies: 

1.  Main  cylinder 

2.  Internal  cylinder 

3.  Screwdriver  slot 

4.  Entry  groove 

5.  Circumferential  groove 

6.  Zig-zag  groove 

7.  Bottom  groove 


The  moment  of  inertia  of  each  is  computed  by: 

1.  Main  cylinder 

I-j  -  1/2  M  r2 
M-j  =  p  *  r2  t 

where: 

r  »  radius  of  cylinder  .0675  in. 
i  -  length  of  cylinder  .187  in. 

p  =  density  of  zinc  (experimentally  determined)  .22  lb. /in. 
I,  =  1.341  x  10“°  lb.  In.2 
M1  ■  5.889  x  10'4  lb. 

2.  Internal  cylinder 

r  =  .032  in. 

i  =  .167  in.  . 

M2  =  1.182  x  10"4  lb. 

12  =  6.052  x  10"8  lb.  in. 

3.  Screwdriver  slot 

M,  =  p2*.hb 

r  m(  ^  h2  ) 

13  *  M(  3  T2 

i  =  half  of  slot  length  .0365 
h  =  width  of  slot  .020 

b  -  height  of  slot  .020 

M3  =  6.424  x  10"6  lb. 

I3  =  3.067  x  10"9  lb.  in.2 
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4.  Entry  groove 


h  a  height  of  groove  .160  in. 

9  3  angle  subtended  by  groove  .945  radi 


r1  =  inside  radius  of  groove  .048  in. 
r ^  =  outside  radius  of  groove  .068  in. 
M4  =  3.858  x  10-5  lb. 

14  =  1.337  x  10'7  lb.  in.2 

5.  Circumferential  groove 

M5  =  1/2  peh  r24  -  r-j2 

15  «  1/4  peh  r24  -  r.j4 

e  *  2.466  radians 

h  =  .055  in. 

Mc  *  3.461  x  10"5  lb. 

b 

15  =  1.199  x  10“7  lb.  in.2 

6.  Zig-zag  groove 

M6  *  1/2  Peh  r22  -  r}Z 

16  =  1/4  peh  r24  -  r/ 

e  *  .917  radians 

h  *  .187  in. 

Mc  =  4.376  x  10‘5  lb. 

0 

I,  =  1.516  x  10"7  lb.  in.2 
b 

7.  Bottom  groove 

M7  =  pwh  (r22  -  r^) 

17  =  1/2  M?  (r22  +  r^) 

h  =  .0075  in. 

r-|  =  .063  in, 

r2  -  .068  in. 

M7  =  3.395  x  10'6  lb. 

I7  =  1.458  x  10‘8  lb.  in.2 
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The  total  mass  is: 


M  *  M,  -  M0  -  M,  -  M  -  M  -  -  M7 

1  2  3  4  5  0/ 

M  =  3.439  x  10"4  lb. 

The  total  moment  of  inertia  is: 

I  =  I,  -  I,  -  I,  -  I.  -  Ic  -  Ie  -  I, 

1  2  3  4  5  6  7 

I  =  8.576  x  10“7  lb.  in.  2 

The  radius  of  gyration,  k,  is  determined  by 

K  -  (^)’/2 

K  =  .0499  in. 


Radius  of  interaction 


The  radius  of  interaction  is  approximated  as  occurring  at  half 
of  the  depth  of  the  groove,  or  .058  inches. 

Helix  Lead  Angle 

The  helix  lead  angle  is  taken  at  the  radius  of  interaction. 

AL  =  tan-1  (a/c) 
where: 

AL  =  helix  lead  angle 

a  =  axial  displacement  =  .0654  in.  for  second  leg 

c  =  circumferential  displacement  a  .0532  in.  at  .058  in.  radius 
AL  =  50.87°,  or  .888  radians 
Spring  forces 

The  spring  is  specified  as: 

.119  lb.  at  .296  in. 

.228  lb.  at  .164  in. 

The  spring  rate  is  therefore: 


A/ 


-* 


m 


«% 


y. 


■#2 

r  - ' " 


m 


R  =  -  .8258  lb. /in. 
and  the  spring  equation  is: 

F  =  -  .8258  L  +  .3634 
Starting  and  finishing  spring  lengths  are: 
L-j  -  .2986  in. 


L2  =  .1715  in. 


So  starting  and  finishing  spring  forces  are: 


F1  =  .1168  lb. 


F2  =  .2218  lb. 
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Since  the  pin  weight  was  determined  to  be  3.341  x  10"4  lb,  the 
starting  and  finishing  loads  in  g's  are: 

G-j  =  350  g 

G2  =  664  g 
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APPENDIX  E 
SETBACK  MAGNITUDE 
VERSUS 

TIME  REQUIRED  FOR 
MSP  TO  FUNCTION 


6.602o9E-04  I  11400  4.2I024E-O4  I  17900  3.3I2BE-04  I  24400  2.01  B2BE-04 
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APPENDIX  F 


A  RELATIVE  COMPARISON  OF  NINE  DESIGN  FEATURES 
AS  THEY  RELATE  TO  DROP  HEIGHT 
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M577  Modular  Setback  Pin 

Etching  procedure  for  housings  -  to  reduce  cam  size 
Process  reduces  housing  OD  from  .1775"  to  .1764* 


Bright  Dip  Solution  ref:  Metal  Finishing  Handbook  1981,  Page  182 

263g.  Chromic  Acid 
23g.  Sodium  Sulphate 
1000  ml.  D.I.  Water 
room  temperature 

Zn.  Cleaner 

Patel In  #357  Zinc  Cleaner 
45  g/1 
150°F 

Procedure: 

1.  Degrease  in  chlorothene;  dry. 

2.  Agitate  in  bright  dip  for  60  seconds;  rinse. 

3*  Remove  smut  in  Zinc  cleaner  in  ultrasonic  cleaner,  approx.  3 
4.  Rinse  and  dry. 


APPENDIX  H 

M577  MODULAR  SETBACK  PIN 
BALLISTIC  TESTING  SUMMARY 
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M577  MODULAR  SETBACK  PIN 
BALLISTIC  TESTING  SUMMARY 
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For  more  complete  information  on  this  test  see  Page 


ENGINEERING  TEST 
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HAMILTON  LOT  83D000E113  -  (15)  TEST  RDS  -  5  EA  RECOVERY  VEHICLES  WERE  FIRED. 

13,1*1  MAY  1983 
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